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Y. Nambu Professor K. Ochiai, but we were all discouraged from doing such study because of his remark that only geniuses can get into that field. We decided to organize ourselves and study and read papers.
We held weekly seminars formally presided over by Professor Ochiai, to read papers and books. The war had by that time started so we could freely make photocopies of books. A smart classmate started this business for us. He made copies available to us free, but sold them to people outside of Tokyo. He was a communist and died soon after the war. I remember we started with Bethe's famous Reviews of Modern Physics articles on nuclear physics and I think we also read Heitler's Quantum Theory of Radiation and other books like Fowler's Statistical Mechanics.
I remember that Satosi Watanabe came and gave a series of lectures. He had gone to France and Germany before the war studying under de Broglie and Heisenberg, had written some articles on the second law of thermodynamics while in France. I remember, in particular, the lectures Watanabe gave on Cartan's monograph on spinor theory. He also lectured on his favorite 5-dimensional wave equations. After the war he taught in the U.S., and he was actually the person responsible for coining the word "chirality". He was not given proper recognition for his work in the field, and subsequently went into information theory. He worked with I.B.M. and later became a professor at Hawaii.
In the prewar days, because we did not have any active particle physics research inside the University of Tokyo, a few of us including Hayashi, went to listen to the Tomonaga-Nishina seminars at Riken. I learned quite a bit about cosmic ray physics. Tomonaga and Nishina participated in the same seminar. They would exchange ideas, and Tomonaga would discuss any letter he received at the time. For example, there were letters from Sakata in Nagoya. Of the two letters I remember, one was about 1r 0 decay. The question, I believe, was whether the pion came in an isospin triplet or just as charged pions. If you believe in isospin symmetry then you must assume the 7r 0 • The question is then how to detect the 7r 0 • Sakata pointed out that the decay mode, 2r or 3r, depends on the spin of the pion. If 1r is a vector meson, it cannot decay into 2 r, whereas if it is a pseudoscalar, it can. The next time was just before I was drafted in the fall of 1942. Tomonaga reported on Sakata's letter on the two-meson theory in the summer.
Thereafter for three years my work was interrupted by the war, and I did not do any study of particle physics. Fortunately, I had been appointed to a research associate position at Tokyo, to which I was able to come back after the war. In 1943 we were let out of school 6 months ahead schedule and I was drafted to the Engineer Corps in Tokyo. I failed in the examination to become a technical officer so I had to go up through the ranks. After a year of digging trenches, etc., I managed to pass a second examination and so was able to get into the technical branch. I was assigned to a radar research laboratory at Tachikawa, but soon they decided to disperse in anticipation of air-raids. One of the branches thus went to the west of Osaka, near Takarazuka, where they took over a girls' college and a golf club. I was stationed there and my job was that of a kind of information officer. I collected information, supervised defense research at the universities and went around the factories supervis-ing production. A number of professors in Osaka such as Kodi Husimi and Takeo N agamiya, were involved in this defense research.
Sometimes Ryoyu Utiyama showed up and Professor Masao Kotani came from Tokyo, too. I particularly remember two things. There was a report on Tomonaga's S·matrix theory of wave guides at one of the workshops. I was instructed to get hold of this secret Navy document, which I did. I studied it, and it was actually the first time I had heard the name "S-matrix". Tomonaga discussed unitarity and also even time reversal invariance, deriving many important properties of the 5-matrix. I also remember the theory of the magnetron which Kotani and Tomonaga had developed, and was reported on by Kotani himself. These contributions can be found in the Collected Papers of S. Tomonaga.
I started to report at the University of Tokyo from the beginning of 1946. I basically lived in my office for three years thereafter. My roommates included Z. Koba. Next door was Kubo's group. There were a lot of graduate students working with Kubo, so naturally I got interested in statistical mechanics. Giichi Iwata also stayed in the same room as I. He was an independent-minded person and had done some work with Professor Goro Miyamoto on the spiral orbit spectrometer, "S.O.S.", which Professor Ryokichi Sagane used later to measure the muon decay spectrum at Berkeley. Iwata had graduated in 1938, and was an assistant at the University.
I used to watch Koba at work, and through him I learned what the Tomonaga group was doing. At the time, the famous Onsager solution of the Ising model (1944) became known to us. Kubo's group was very interested in it. I was, too, and my first work after returning to Tokyo was on the Ising model. I hit on an idea concerning an algebraic simplification of this Ising model problem. A few years later when I moved to Osaka City University, Husimi persuaded me to publish it.
As soon as I hit on the idea of simplifying Onsager's solution of the Ising model there came the news of the Lamb shift, in 1947. I read Bethe's article and started to think about the physical meaning behind this Lamb shift. I came up with a rather simple physical picture; namely, the position of the electron gets smeared out due to virtual photon emission, so that the electron will see a smeared out Coulomb potential. One thus gets a delta function type contribution to the effective Hamiltonian and the S levels get shifted upwards.
I worked on the idea together with Kenichi Ono, who later became a professor at the College of the University of Tokyo. Ono graduated around 1943. He entered university the same time as I did but finished a year later because of illness. Ono and I reported our work at the fall meeting of the Physical Society in Kyoto. This was before the publication ofT. Welton's similar work. At this same meeting, Tomonaga reported on his ideas about renormalization. I did not really understand much of it at that time, but at any rate I was awed by Tomonaga so I did not dare to publish our paper. That meeting in 194 7 was the first time I had spoken at a physics meeting.
In those days there were a number of visitors from outside the university; for example, Watanabe whom I mentioned earlier and Mituo Taketani, who would sometimes drop in to see Nakamura. There were lively discussions on particle physics which I enjoyed very much. Koba was always around. In January, 1948, Koba showed up with his head completely shaved. In his collaboration with Tomonaga, he was very much ashamed of having made a miscalculation. One day I thought of computing the anomalous moment of the electron and I remember that same day seeing a paper by Schwinger in the Physical Review, I was totally discouraged and stopped for the time.
I was hired as a temporary research associate so my job was never secure and my salary was very low. The young people started to organize themselves into a union, and Nakamura probably had a strong hand in it. We joined forces and my position was eventually changed to a regular tenured assistant position at Tokyo. Nakamura seems to have also played an important role in starting the publication of Soryushiron Kenkyu.
In 1949 I moved to the newly created Osaka City University together with S. Hayakawa, Y. Yamaguchi and K. Nishijima from Tokyo and Tadao Nakano from Osaka. But after a few years people started to evaporate from that university and go to other places. Hayakawa was invited to M.I.T., and he wrote frequently about the various happenings, especially the V particles. We at Osaka City University became very interested and I, together with Yamaguchi and Nishijima, worked out lots of schemes to interpret them, all on our own. One of them was the associated production idea which was also developed independently by S. Oneda, H. Miyazawa and A. Pais.
I also worked on the so-called Bethe-Salpeter equation. Hideji Kita developed a similar idea, and a paper by Kita and Yasuo Munakata appeared in Soryushiron Kenkyu side-by-side with mine. Subsequently the problem was taken up by C. Hayashi and Munakata, and we started to interact, even though it did not come to very much. Hayashi, Kita and Munakata were in Kyoto. Actually there were two reasons why I did not pursue this program of BS equation more vigorously. First of all, I knew that the ladder approximation, which was the only real beauty of the formalism, did not give the correct answer to the fine structure of the hydrogen atom. Second, I contracted appendicitis in the meantime, and almost died of complications.
When work by Bohm, Gross and Pines on plasma oscillations came out, it led me to think of applications to other problems, namely nuclear physics, and in particular, the saturation properties of nuclear forces. After three years or so at Osaka, I was invited to the Institute for Advanced Study in Princeton with Kinoshita. At the Institute I spent two years trying to think about it but I could not convince myselfthat I could explain the saturation properties. I was utterly frustrated for these two years, after which M.L. Goldberger saved me by bringing me to Chicago and starting me on dispersion theory for a change.
Discussion
Sakita I remember you worked on a semiclassical approximation of field theory using the WKB approximation, while you were in Osaka. What was your motivation?
Nambu I probably intended to include higher order terms in the S-matrix. A related idea had also been developed by Nobuyuki Fukuda and Tomonaga, who called it Feynman diffusion equation. Their work as well as mine were reported in Soryushiron Kenkyu.
Brown Would you tell us about your life in those days? Were you more concerned with food than physics?
Nambu It was my weekly routine to get food. I went to blackmarkets to buy vegetables and fish. Since refrigerators were not available, they made an awful smell in our office after a few days. I also had to go far to get more substantial food like potatoes and rice, if possible.
Schweber At Los Alamos there was a sense of community and cooperation in which people talked freely with each other. Did you have a similar sense of community in Tokyo?
Hayakawa Such a community had existed at Riken even before the war. Theoreticians and experimentalists freely discussed their work and their findings with each other.
